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German Language Declaration 



AIs nachstehend benannter Erfmder erklare kh hiermit an Eides 
Statt: 



As a below named inventor, I hereby declare that: 



dafl mein Wohnsitz, meine Postanschrift und meine 
Staatsangehorigkeit den im nachstehenden nach meinem Namen 
aufgefijhrten Angaben entsprechen, daB ich nach bestem Wissen 
der urspmngiiche, erste und alleinige Brfuider (falls nachstehend 
nur ein Name ai^gegeben ist) oder ein urspriinglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen aufgefuhit sind) 
des Gegenstandes bin, fiir den dieser Antrag gestelit wird und fiir 
den ein Patent fur die Erfindung mit folgendem Titel beantragt 
wird: 



My residence, post office address and citizenship are as stated 
next to my name. 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
pluraJ names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



METHOD AND DEVICE FOR PRODUCING CUTS IN 
A TRANSPARENT MATERIAL 



deren Beschreibung hier beigefugt ist, es sei denn (in diesem 
Falie Zutreffendes bitte ankreuzen), diese Erfindung 



□ 



wurdc angemeldet am 

unter der US-Anmeldenummer oder unter der 
Intemationalen Anmeldenummer im Rahmen des 

Vertrags liber die Zusammenarbeit auf dem Gebiet 
des Patentwesens (PCT) 

^ und am 

abgeandert (falls 

zutreffend). 



the specification of which is attached hereto unless the following 
box is checked: 



□ 



was filed on 

as United States Application Number or PCT 
Internationa! Application Number 

and was amended on 

(if applicable). 



Ich bestatige hiermit, dal3 ich den Inhalt der oben angegebenen 
Patentanmeldung, einschlieBIich der Anspruche, die eventuell 
durch einen oben envahnten Zusatzantrag abgeandert wuide, 
durchgesefaen und verstanden habe. 



I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 



Ich erkenne meine Pflicht zur Offenbarimg jeglicher 
Infbrmationen an, die zxo* Prufiing der Patentfahigkeit in Einklang 
mit Titel 37, Code of Federal Regulations, § 1.56 von Belang 
sind. 



I adsnowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56. 



[Page 1 of 3] 

Burden Hour Statement: This form is estinnated to fake 0.4 hours to complete. Time wfjl vary depending upon the needs of the Individual case. Any 
comments on the amount of time you. are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark OfRce 
Washington. DC 20231 . DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and Trademarks ' 
Washington. DC 20231 . 



PTO/SB/103 (8-96) 
Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Offfce: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unEess it displays a valid OMB control numbec 



German Language Declaration 



Ich beanspruche hiermit auslandische Prioritatsvorteile gemaB Title 35, 
US-Code, § 119 (a)-(d), bzw. § 365(b) aller unten aufgemhrten 
Auslandsanmeldungen flir Patente oder Erfindemrkunden, oder § 
365(a) aller PCT interna tionaten Anmeldungen, welche wenigstens ein 
Land ausser den Vereinigten Staaten von Amerika benennen, und habe 
nachstehend durch ankreuzen samttiche Auslands- anmeidungen fiir 
Patente bzw. Erfinderurkunden oder PCT intemationale Anmeldungen 
angegeben, deren Anmeldetag deni der Anmeldung, fiir welche Prioritat 
beansprucht wird, vorangeht. 



I hereby claim foreign priority under Title 35, United States Code, § 
119(a)-(d) or § 365(b) of any foreign application(s) for patent or 
inventor's certificate, or § 365(a) of any PCT International application 
which designated at least one country other than the United States, listed 
below and have also idenrified below, by checking the box^ any foreign 
application for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application on which 
priority is claimed. 



Prior Foreign Applications 

(Fruhere ausl§ndische Amneldungen) 



PCT/EP2004/007045 

(Number) 
(Nummer) 

103 34 109.9 

Q^untber) 
(Nummer) 



PCT 



(Country) 
(Land) 

Germany 



(Country) 
(Land) 



Ich beanspruche hiermit Prioritatsvorteile unter Title 35, US-Code, 
§ 1 i9(e) aller US-Hilfsanmeldungen wie unten aufgezahlt. 



(Application No.) 
(Aktenzeichen) 



(Filing Date) 
(Anmeldetag) 



29 June 2004 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der Aiimeldung) 



25 July 2003 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der AnraetduQg) 



Priority Not Claimed 
Prioritat nicht beansprucht 



a 



□ 



I hereby claim the benefit under Title 35, United States Code» 

§ 1 19(e) of any United States provisional app!ication(s)listed below. 



(Application No.) 
(Aktenzeicben) 



(Filing Date) 
(Anmeldetag) 



Ich beanspruche hiermit die mix unter Title 35, US-Code, § 120 
zostehenden Vorteile aller unten aufgefiihrten US-Patentamneldiingen 
bzw. § 365(c) aller PCT intemationalen Anmeldungen, welchc die 
Vereinigten Staaten von Amerika benennen, und erkenne, insofem der 
Gegenstand eines jeden fhiheren Anspruchs dieser Patentanmeldung 
nicht in einer US-Patentanmeldung, bzw. PCT intemationalen 
Anmeldor^g in in einer gemal3 dem ersten AbsaCz von Title 35, US-Code, 
§ 1 12 vorgeschriebenen Art und Weise offenbart wunde, meine Pflicht 
zar Offenbarung jeglicher tiformationen an^ die zur Prufung der 
Patentfahigkeit in Einklang mit Title 37, Code of Federal Regulations, 
§ 1 .56 von Bebng sind und die im Zeitraum zwischen dem Anmeldetag 
der fruheren Patentanmeldung und dem nationalen oder im Rahmen des 
Vertrags tiber die Zusammenarbeit auf dem Gebiet des Patentwesen 
(PCT) giiltigen intemationalen Anmeldetags bekannt geworden sind. 



(Application No.) 
(Aktenxeichen) 



(Application No.) 
(Aktenzeichen) 



(Filing Date) 
(Anmeldetag) 



(Filing Date) 
(Anmeldetag) 



Ich erklare hiennit, daB alle in der vorliegenden Erklarung von mir 
gemachten Angaben nach bestem Wissen und Gewissen der Wahrheit 
entsprechen, und femer da(5 ich diese eidesstattlichc Erklarung in 
Kenntnis dessen ablege, daI3 wissentlich und vorsatzlich falsche 
Angaben oder dergleichen gemaii § 1001, Title 18 des US-Code strafbar 
sind und mit Geldstrafeund/oderGefangnis bestraft werden konnen und 
dal3 derartige wissentlich und vorsatzlich falsche Angaben die 
Rechtswirksamkeit der vorliegenden Patentanmeldung oder eines 
aufgnind deren erteilten Patentes gefahrden konnen. 



I hereby claim the benefit under Title 35, United States Code, § 120 of 
any United States application(s), or § 365(c) of any PCT International 
application designating the United States, listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in 
the prior United States or PCT International application in the manner 
provided by the first paragraph of TitJe 35, United States Code, § 1 12, 
I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, § 1 ,56 
which became available between the filing date of the prior application 
and the national or PCT International filing date of this application. 



(Status) (patented, pending, abandoned) 
(Status) (patentiert, schwebend, aufgegeben) 



(Status) (patented, pending, abandoned) 
(Status) (patentiert, schwebend. aufgegeben) 



I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are 
believed to be tme; and further that these statements were made with the 
knowledge that willftil false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 100! of Title 
18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den (die) nachstehend aufgefuhrten 
Patentanvvalt (Patentanwalte) und/oder Vertreter mit der 
Verfolgung dcr vorliegcndcn Patentanmeldung sowie mit der 
Abwicklung aller damit verbundenen Angelegenheiten vor dem 
US-Patent- und Markcnamt: (Namefn) und 

Registrationsnummer(n) auflisten) 



Postanschrift; 



Telefonische Auskiinfle: (Name und Telefonnummer) 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attomey(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 

Customer No. 24113 

4800 IDS Center, 80 South Eighth Street 

Minneapolis, Minnesota 55402 

612-349-3001 

Send Correspondence to: 

Douglas J. Christensen (Reg. No. 35,480) 
Direct Telephone Calls to; (name and telephone number) 

612-349-3001 



Vor- und Zuname des eiiLzigen oder ersten Erfinders 


** 

Full name of sole or first inventor Dirk MUHLHOFF 


Unterschrift des Erfinders Datum 


Invefitpr's signatujje,^ ^ .--^j'^^^^^Date 


Wohnsitz 


Residence Kunitz, Germany 


Staatsangehorigkeit 


Citizenship Qgrmany 


Postanschrift 


Am Mohchenberge 2 
Post Office Address d-07751 Kunitz, Germany 




1 


Vor- und Zuname des zweiten Miterfinders (falls zutreffend) 


Full name of second joint inventor, if any ^^^^k BISCHOFF 


Unterschrift des zweiten Erfinders Datum 


Second In^ntor[^ sigpMure/^ Date* 

^//^*^ ^^^^^ r ^^'^^^^ 


Wohnsitz 


Residence Ellenben OT Riechheim. Germany 


Staatsangehorigkeit 


Citizenship Germany 


Postanschrift 


Post Office Address Am Bach 3 

D-99334 Eflenben OT Riechheim . Germany 







(Im Falle dritter und weiterer Miterfinder sind die (Supply similar information and signature for third and 

entsprechenden Infbrmationen und Unterschriften hinzuzufiigen. ) subsequent j oint inventors.) 
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Full Name of sole or third inventorj if any Mario GERLACH 


Unterschrift des Erflnders 


Datum 


Inventor's signajure Date 


Wohnshz 


Residence Al/enberga, Germany ^ 


Staatsangehdrigkeit 


Citizenship Germany 


Postanschrift 


Post Office Address Schimewitz 42 

D-07768 Altenberga, Germany 








Full Name of sole or fourth inventor, if any Carsten LANG 


Unterschrift des Erfinders 


Datum 


Inv^tor^s^ignature^ Date 


Wohnsitz 


Residence Bad KostriK, Germany ^ 


Staatsangehttrigkeit 


Citizenship Germany 


Postanschrift 


Post Office Address IVlittelstrasse 8 

D-07586 Bad Kostritz, Gemiany 








Full Name of sole or fifth inventor, if any Markus STICKER 


Unterschrift des Erfinders 


Datum 


Iiw^or^signatiM^!*^ / Date 

—*- ™— — h— / ^ 


1 Wohnsitz 


Residence Jena, Germany ^ 


Staatsangehtirigkeit 


Citizenship Germany 


Postanschrift 


Post 0£Rce Address Jahnstrasse 21 

D-07743 Jena, Germany 








Full Name of sole or sixth inventor, if any Michael BERGT 


Unterschrift des Erfinders 


Datum 


Inventor's signature Date 


Wohnsitz 


Residence Jena^ Germany 


Staatsangehdrigkeit 


Citizenship Germany 


Postanschrift 


Post Office Address Hohe-Str. 4a 

D-07745 Jena, Germany 
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TO WHOM IT MAY CONCERN 



I, Andreas Roth, of Ehrwalder Str. 26, 81377 Munich, Germany, do hereby solemnly 
declare that 1 am conversant with both the English and German languages and that 
the enclosed English text is, to the best of my knowledge and belief, a true and 
accurate English translation of the German-language application text of POT 
Application No. PCT/EP2004/007045, as filed by Cart Zeiss Meditec AG on June 29, 
2004. 



Munich, this 16^" day of December 2005. 
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Me^od and device for producing cuts in a transparent material 

The invention relates to a method of producing cuts in a transparent material, in particular in the 
5 cornea of the eye, by generating optical breakthroughs in the material by means of laser 
radiation focused into the material, the focal point being shifted so as to form the cut by a 
surface lattice-type array of sequentially arranged optical breakthroughs, wherein the focal point 
is shifted along a path and adjacent optical breakthroughs are not generated immediately 
following each other along said path. The invention further relates to a device for producing cuts 

10 in a transparent material, in particular in the cornea of the eye, comprising a source of laser 
radiation which focuses laser radiation into the material and causes optical breakthroughs 
therein, wherein a scanning unit which shifts the focal point, and a control unit, which controls 
the scanning unit, are provided so as to form the cut by a surface lattice-type array of 
sequentially arranged optical breakthroughs in the material, said control unit shifting the focal 

15 point along a path and not generating adjacent optical breakthroughs immediately following 
each other along said path. 

Curved cuts within a transparent material are generated, in particular, in laser-surgical methods, 
especially in ophthalmic surgery. This involves focusing treatment laser radiation within the 
20 tissue, i.e. beneath the tissue surface, so as to form optical breakthroughs in the tissue. 

In the tissue, several processes initiated by the laser radiation occur in a time sequence. If the 
power density of the radiation exceeds a threshold vaiue, an optical breakthrough wiJi result, 
generating a plasma bubble in the materiaL After the optica! breakthrough has been generated, 

25 said plasma bubble grows due to expanding gases. If the optical breakthrough is not 
maintained, the gas generated in the plasma bubble will be absorbed by the sun-ounding 
material, and the bubble disappears again. However, this process takes very much longer than 
the forming of the bubble itself. If a plasma is generated at a material boundary, which may also 
be located within a material structure as well, material will be removed from said boundary. This 

30 is then referred to as photo ablation. In connection with a plasma bubble which separates 
material layers that were previously connected, one usually speaks of photo disruption. For the 
sake of simplicity, all such processes are summarized here by the term optical breakthrough, 
i.e. said temn includes not only the actual optical breakthrough, but also the effects resulting 
therefrom in the material. 

35 

For a high accuracy of a laser surgery method, it is indispensable to guarantee high localization 
of the effect of the laser beams and to avoid collateral damage to adjacent tissue as far as 
possible. It Is therefore common in the prior art to apply the laser radiation in pulsed form, so 

'-. ' '-^ 
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that the threshold value for the power density of the laser radiation required to cause an optical 
breakthrough is exceeded onfy during the individual pulses, in this regard, US 5,984,916 clearly 
shows that the spatial extent of the optical breakthrough (in this case, of the generated 
Interaction) strongly depends on the pulse duration. Therefore, high focusing of the laser beam 
5 In combination with very short pulses allows to place the optica] breakthrough in a material with 
great point accuracy. 

The use of pulsed laser radiation has recently become established practice particularly for laser- 
surgical correction of visual defects in ophthalmology. Visual defects of the eye often result from 



10 the fact that the refractive properties of the cornea and of the lens do not cause optimal focusing 
on the retina. 



US 5,984,916 mentioned above, as well as US 6J10J66, describe methods of producing cuts 
by means of suitable generation of optical breakthroughs, so that, ultimately, the refractive 

15 properties of the cornea are selectively influenced. A multitude of optical breakthroughs are 
sequentially arranged such that a lens-shaped partial volume is isolated within the cornea of the 
eye. The iens-shaped partial volume which Is separated from the remaining corneal tissue is 
then removed from the cornea through a laterally opening cut. The shape of the partial volume 
is selected such that, after removal, the shape and, thus, the refractive properties of the cornea 

20 are modified such that the desired correction of the visual defect is effected. The cuts required 
here are curved, which makes a three-dimensional shifting of the focus necessary. Therefore, a 
two-dimensional deflection of the laser radiation fs combined with simultaneous shifting of the 
focus in a third spatial direction. 

25 When producing a cut by a series of optical breakthroughs in the material, an optical 
breakthrough is generated several times faster than it takes until a plasma generated therefrom 
is absorbed by the tissue again. It Is known from the publication by A, Heisterkamp, et aL, Der 
Ophthalmologe, 2001, 98:623-628, that after an optical breakthrough has been generated in the 
cornea of the eye a plasma bubble grows at the focal point where the optical breakthrough was 

30 generated, which plasma bubble reaches a maximum size after a few ps and then almost 
completely collapses again. This then leaves only small residual bubbles. Said publication 



states that joining of growing plasma bubbles reduces the quality of the cut Therefore, ft 
suggests a method of the above-mentioned type, wherein individual plasma bubbles are not 
generated directly next to each other. Instead, a gap is left between sequentially generated 
35 optical breakthroughs, which breakthroughs are generated along a spiral-shaped path. The gap 
is filled, in a second pass, through the spiral with optical breakthroughs and with plasma 
^^^^^ bubbles resulting therefrom. This Is intended to prevent joining of adjacent plasma bubbles and 




to promote the quality of the cut. in the spiral described by Heisterkamp et aL, the distance of 
the generated optical breakthroughs inevrlably increases with the spiral windings. 

As an alternative to the approach described In the cited publication, it could also be 
contemplated to make the time interval between subsequently generated optical breakthroughs 
so large that the plasma bubble of one optical breakthrough has already collapsed before the 
next optical breakthrough is generated. However, this would considerably slow down the 
production of the cut. 

Generating cuts quickly is desirable not only for convenience or in order to save tinne; bearing in 
mind that movements of the eye inevitably occur during ophthalmic operations, quick generation 
of cuts also improves the optical quality of the result thus achieved and reduces the requirement 
to track eye movements. 

Therefore, it is an object of the invention to Improve a method and a device of the above- 
mentioned type such that generating good-quality cuts requires as little time as possible. 

According to the Invention, the object is achieved by a method of the above-mentioned type, 
wherein the surface lattice-type array of the optical breakthroughs is made up of at least two 
partial lattices, which are processed after each other, with respect to their associated optical 
breakthroughs. 

The object is further achieved by a device of the aforementioned type, wherein the surface 
lattice-type array of the optical breakthroughs is made up of at least two partial lattices, and the 
control unit effects focus shifting such that the partial lattices are processed after each other 
with respect to their associated optical breakthroughs. 

By dividing the cut into a purality of partial lattices, ^e invention has the effect, on the one hand, 
that there is no danger of generating directly adjacent breakthroughs, immediately after each 
other in time, while serially arranging the optical breakthroughs. On the other hand, complete 
and/or uniform filling of the cut surface with optical breakthroughs is achieved. 

The surface cut to be generated by serial arrangement of optical breakthroughs Is generally a 
curved surface. Now, on the curved surface, a regular surface lattice is defined so as to achieve 
uniform and preferably tight packing of zones in which optical breakthroughs are effective. In 
doing so, care is taken, in particular, that the spherical distance between the centers of two 
optical breakthroughs (also referred to as geodesic line) exceeds the distance of the locations of 
optical breakthroughs in space only by a maximum of 10 %. Under these prerequisites, a small 
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area of the cut may be regarded as a planar surface portion in good approxrnnation. Tlierefore, a 
"surface lattice-type arra/' Is understood to be \he regular arrangement of those locations where 
the optical breakthroughs are Initiated by focusing of the laser radiation, relative to the cut in 
three-dimensionai space, fn connection with the above-mentioned approximation, a planar 
5 surface element may be assumed at least in portions of the surface. 

Suitable division of the surface arrangement of the plasma bubbles into partial lattices and 
sequential processing of the partial lattices, i.e. first generating the breal<th roughs of one partial 
lattice before initiating the breakthroughs of the next partial lattice, has the effect that there is 
10 always a spatial distance between two breakthroughs generated directly following each other in 
time. This avoids the problem that plasma bubbles of breakthroughs immediately following each 
other grow together. Besides, individual partial lattices need not be completed. 



As the speed at which optical breakthroughs are generated increases, plasma bubbles of 
16 optical breakthroughs which are adjacent due to the sequential arrangement of different 
portions of the path line may also grow together. The division of the surface lattice-type 



arrangement into at least two partial lattices avoids this problem, as it can be ensured by 
suitable selection of the partial lattices that no immediately adjacent optical breakthroughs are 
generated within one partial lattice. Further, a suitable selection of the partial lattices allows to 
20 ensure a uniform or even surface filling. In a preferred embodiment of the invention, it is 
envisaged that the partial lattices be selected such that, within the surface lattice-type 
arrangement for at least one optical breakthrough, In at least one partial lattice, all adjacent 
optical breakthroughs belong to one or more of the other partial lattices. This approadi will 
conveniently be embodied such that, for all partial lattices, the optical breakthroughs do not 



25 have an immediately adjacent optical breakthrough which belongs to the same partial lattice. By 
this further embodiment, the speed at which the breakthroughs are generated one after the 
other is limited, with respect to the problem of plasma bubbles growing together, only by the 
time Interval between two partial lattices. Using the values for the growth and collapse of a 
plasma bubble as published by Heisterkamp et al., the first plasma bubbles of sequential partial 

30 lattices should be at least about 2 to 5 ps or even a few milliseconds to seconds apart. 



In principle, the number of partial lattices Is not limited. However, It has turned out that, in the 
case of two partial lattices, It can sometimes not be completely avoided that plasma bubbles 
belonging to the same partial lattice are adjacent each other. Therefore, a division into three 
35 partial lattices is advantageous. A particularly advantageous surface lattice-type arrangement is 
the trigonal or hexagonal lattice (for better illustration, the common terms for the planar surface 
lattice are used herein), wherein not only very high surface filling of over 90 % can be achieved, 
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but wherein it is also ensured In a simple manner that an optical breakthrough belonging to a 
partial lattice only has immediate neighbors from the other two partial lattices. 

The different partial lattices can be conveniently generated from a partial lattice template, which 
5 is displaced according to the number of partial lattices, in order to achieve the surface lattice- 
type arrangement. This approach further has the advantage that the control unit can effect focus 
shifting according to a fixed scheme associated with the partial lattice template, said scheme 
having the shape, e.g., of a particular scanning path or of a particular raster-scanning mode, 
respectively, and that it only has to consider a relatively simple coordinate transformation. e,g. 
10 in the form of a displacement, for the individual partial lattices. 

For the device according to the Invention, any control unit is suitable which executes the 
process as explained, such as. for example, a suitably programmed micro-processor or 
computer which suitably controls the components of the device. 



The invention will be explained in more detail below, by way of example and with reference to 
the Figures, wherein: 

Figure 1 shows a perspective view of a patient during a laser-surgical treatment with a laser- 



Figure 2 shows the focusing of a ray bundle onto the eye of the patient with the instrument of 
Figure 1 ; 

Figure 3 shows a schematic representation explaining a cut generated during laser-surgical 
treatment with the instrument of Figure 1 ; 
25 Figure 4 shows a deflection device of the laser-surgical instrument of Figure 1 ; 

Figure 5 shows three partial Figures 5a, 5b and 5c concerning the assembly of the cut of 
Figure 3 from a plurality of partial lattices. 

Figure 1 shows a laser-surgical instrument for treatment of an eye 1 of a patient, said laser- 
30 surgical instrument 2 serving to effect a refractive correction. For this purpose, the instrument 2 
emits a treatment laser beam 3 onto the eye of the patient 1 whose head is immobilized in a 
head holder 4. The laser-surgical instrument 2 is capable of generating a pulsed laser beam 3 
so that the method described in US 6,110,166 can be carried out. The components of the 
instrument 2 are controlled by a control unit which is integrated according to the described 
35 embodiment. 

For this purpose, as schematically shown in Figure 2, the laser-surgical instrument 2 comprises 
a source of radiation S whose radiation is focused into the cornea 5 of the eye 1 . A visual defect 
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in the eye 1 of the patient is remedied by means of the laser-surgical instrument 2 to remove 
material from the cornea 5 so that the refractive characteristics of the cornea are modified by a 
desired amount. In doing so, the material is removed from the corneal stroma, which is located 
beneath the epithelium and Bowman's membrane and above Decemet's membrane and the 
5 endothelium. 



Material removal is effected In that layers of tissue are separated by focusing the high-energy 
pulsed laser beam 3 by means of an adjustable telescope 6 in a focus 7 located in the cornea 5. 
Each pulse of the pulsed laser radiation 3 generates an optical breakthrough in the tissue, said 



10 breakthrough initialing a plasma bubble 8. As a result, the tissue layer separation covers a 
larger area than the focus 7 of the laser radiation 3. By suitable deflection of the laser beam 3, 
many plasma bubbles 8 are now generated during treatment. These plasma bubbles 8 then 
form a cut 9, which circumscribes a partial volume T of the stroma, namely the material to be 
removed from the cornea 5. 



Due to the laser radiation 3, the laser-surgical instrument 2 operates in the manner of a surgical 
knife which, without injuring the surface of the cornea 5, separates material layers within the 
cornea 5. If the cut is guided up to the surface of the cornea 5 by generating further plasma 
bubbles 8, material of the cornea 5 isolated by the cut 9 can be extracted laterally and. thus. 



The generation of the cut 9 by means of the laser-surgical instrument 2 is schematically shown 
in Figure 3< The cut 9 is formed by sequential arrangement of plasma bubbles 8 produced as a 
result of continuous displacement of the focus 7 of the pulsed focused laser beam 3. 



On the one hand, tiie focus displacement according to one embodiment is effected by means of 
the deflecting unit 10, schematically shown in Figure 4, which deflects the laser beam 3 along 
two mutually perpendicular axes, said laser beam 3 being incident on the eye 1 on a main axis 
of incidence H. For this purpose, the deflecting unit 10 uses a line mirror 1 1 as well as an image 

30 mirror 12, thus resulting in two spatial axes of deflection which are located behind each other. 
The point where the principal beam axis H and the deflection axis cross is then the respective 
point of deflection. On the other hand, the telescope 6 is suitably shifted for focus displacement. 
This allows shifting of the focus 7 along three orthogonal axes in the x/y/z coordinate system 
schematically shown in Figure 4. The deflecting unit 10 shifts the focus in the x/y plane, with the 

35 line mirror allowing shifting of the focus in the x-direction and the image mirror allowing shifting 
of the focus in the y-direction. In contrast thereto, the telescope 6 acts on the z-coordinate of the 
focus 7. 
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Due to the corneal curvature, which is between 7 and 10 mm, the partial volume T is also 
curved accordingly. Thus, the corneal curvature leads to an Image field curvature. This is taken 
into account by suitable control of tiie deflecting unit 10 and of the telescope 6. 

5 If a cut as shown in Figure 3 is curved in the same direction as the corneal surface, this may be 
achieved by an optical system whose image field curvature is similar to the curvature of the 
cornea, without the guide of the focus 7 having to take this into account. 

The curved cut 9 Is generated by sequential arrangement of plasma bubbles 8 by suitable 
10 shifting of the focus 7 as well as control of the source of radiation S, In doing so. for example, 
raster-scanning of the cut 9 may be effected. However, the control unit of the instrument 2 
controls the deflecting unit 10 and the scanning optics 6 such that no immediately adjacent 
breakthroughs form within a certain time frame. The arrangement of the plasma bubbles 8 
which form the cut 9 may be regarded as a (curved) surface lattice-type arrangement F, For 
15 illustration, a planar representation was chosen for the surface lattice-type array F in Figure 5; In 
reality, the individual plasma bubbles 8 are, of course, arranged on a spatially curved surface in 
order to Isolate the partial volume T, Now, the surface lattice-type array F thus defined on the 
curved cut 9 is not generated by immediately sequential processing of the plasma bubbles 8 
located therein, but instead, the control unit of the instrument 2 divides the surface lattrce-type 
20 array F into three partial lattices G1, G2 and G3, which are shown in Figures 5a to 5c. The 
partial lattices G1 and G2 as well as G3 are obtained from a common lattice template, which is 
respectively displaced along a lattice axis by the distance between two plasma bubbles 8. 

The control unit now raster-scans the individual points of the surface lattice-type arrangement F 
25 such that the points of the partial lattice G1 are processed first. Once a plasma bubble 8 has 
been generated at each point of the partial lattice G1, the control unit effects coordinate 
displacement with respect to the grid pattern of the partial lattice G1 and generates optical 
break^roughs according to the partial lattice G2, Although the optical breakthroughs 8 of the 
partial lattice G2 are each immediately adjacent to optical breakthroughs of the partial lattice 
30 G1, they do not have any immediate neighbors within their own partial lattice G2. With a 
suitable selection of the partial lattices G1 and G2, the cut 9 is then complete. In the division 
shown in the Figure, however, a third partial lattice G3 is provided, too. 

A further coordinate transformation of the control unit of the instrument 2 ensures that, in a third 
55 pass, optical breakthroughs are generated at the points of the partial lattice G3, each of said 
optical breakthroughs filling any gaps still remaining between the plasma bubbles 8 of the partial 
lattices G1 and G2. As a result, the surface iattice-type array F is completely filled with plasma 




bubbles 8 so that the cut 9 Is finished. 



If a partial lattice is used for processing the points where plasma bubbles 8 for the cut 9 have to 
be Initiated, this has the advantage that the control unit of the Instrument 2 can work with a fixed 
deflection scheme, which merely has to be subjected to a fixed coordinate transformation for 
processing the partial lattices G1, G2 and G3. At the same time, it is ensured that no point of 
5 the surface lattice-type array F remains without a plasma bubble 8. 



Claims 



1 . A method of producing cuts (9) in a transparent material, in particular in the cornea (5) of 
5 the eye, by generating optical breakthroughs (8) in the material (5) by means of laser radiation 

(3) focused into the material (5), the focal point (7) being shifted so as to form the cut (9) by a 
surface lattice-type array (F) of sequentially arranged optical breakthroughs (8), wherein the 
focal point (7) is shifted along a path and adjacent optical breakthroughs (8) are not generated 
immediately following each other along sard path, characterized In that the surface lattice-type 
10 array (F) of the optical breakthroughs (8) is made up of at least two partial lattices (G1, G2, G3), 
which are processed after each other, with respect to their associated optical breakthroughs (8). 

2. The method as claimed in Claim 1, characterized in that three partial lattices {G1, G2, 
G3) are selected such that, in the surface lattice-type array (F) for at least one optical 

15 breakthrough (8), In at least one partial lattice (G1, G2, G3) all adjacent optical breakthroughs 
(8) belong to other partial lattices (G1, G2, G3}. 

3. The method as claimed in Claim 2, characterized in that, for all partial lattices (G1, G2, 
G3). the optical breakthroughs (8) do not have an immediately adjacent optical breakthrough (8) 

20 belonging to the same partial lattice (G1, G2, G3), 



4, The method as claimed in any one of the above Claims, characterized in that the cut (9) 
is generated by a surface lattice-type array (F) in the shape of a Agonal lattice, and three partial 
lattices {G1, G2, G3) are generated from one partial lattice template by three different 

25 displacements of the template along an axis of said partial lattice template. 

5. A device for producing cuts (9) in a transparent material, in particular in the cornea of the 
eye (5), comprising a source of laser radiation (S), which focuses laser radiation (3) into the 
material and causes optical breakthroughs (8) therein, wherein a scanyoiog. unit (6, 10). which 

30 shifts the focal point (7), and a control unit (2) which controls^h^ sc^^^g^unit (6, 10). are 
provided so as to form the cut (9) by a surface lattice-type arfay^^T^) of spquefttiglly arranged 



optical breakthroughs (8) in the material (5), said control unit (2).^hifting the fbcal point (7) along 

a path and not generating adjacent optical breakthroughs (8) gitimediately following 'each other 

j " " f i .-^ J 

along said path, characterized in that the surface iattlce-type arrav :(F^ 6f tjne optical 

\ ■ ■ ^ ■" ' i / / 

35 breakthroughs (8) is made up of at least two partial lattices {G1, G2v G3)rand JMfe^pdhtrol unit (2) 
effects focus shifting such that the partial lattices {G1, G2, G3) are processed after each other, 
with respect to their associated optical breakthroughs (8), 
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6. The device as clafmed in Claim 6, characterized in that the control unit (2) selects the 
partial lattices (G1, G2. G3) such that, in at least one partial lattice (G1, G2, G3) for at least one 
optical breakthrough (8), all adjacent optical breakthroughs (8) belong to other partial lattices 
(G1, G2. G3). 

5 

7. The device as claimed In Claim 6, diaracterized in that, for all partial lattices (G1, G2, 
G3), the optical breakthroughs (8) do not have an immediately adjacent optical breakthrough (8) 
belonging to the same partial lattice (G1, G2, G3). 

10 8. The device as claimed in any one of Claims 5, 6 or 7, characterized in that the control unit 
(2) generates the cut (9) by a surface lattice-type array in the form of a trigonal lattice and 
generates the three partial lattices (G1 , G2, G3) from a partial lattice template by three different 
displacements of the template along an axis of said partial lattice template. 

15 9. Method or device as claimed in any one of the above Claims, characterized In that at 
least one partial lattice (G1, G2, G3) is not processed completely with optical breakthroughs (8), 




